A decade ago, Henrich 1 proposed group size as a driver of cultural complexity. Derex et al.
. There is a Reply to this Brief Communication Arising by Derex, M. et al. Nature 511, http://dx.doi.org/10.1038/nature13412 (2014).
In their argument, Derex et al. 2 assume that showing that larger groups produce complex artefacts more often than do smaller groups (see their Fig. 1 ) suffices for supporting the group size hypothesis. But such an increase can arise just through a sample size effect (for example, we expect to roll more sixes the more dice we roll). Furthermore, the increases in probabilities associated with group size, as shown in their Fig. 1 , are even less than what would be expected from the sampling size effect. We believe, therefore, that their data fail to support the group size hypothesis.
We show this statistically by comparing the null hypothesis, H 0 : the probability P of an individual drawing a simple artefact on the last step of the experiment is independent of the size of the group to which the individual belongs, with both the one-sided hypothesis that expresses the group size hypothesis, H 1a : the probability p of an individual drawing a simple artefact on the last step of the experiment decreases with the size of the group to which the individual belongs, and the alternative one-sided hypothesis that expresses the opposite of the group size hypothesis, namely H 1b : the probability p of an individual drawing a simple artefact on the last step of the experiment increases with the size of the group to which the individual belongs.
We first test whether we can reject H 0 . To do this, we determine the expected performance for each group of size N 5 4, 8 or 16, using the data for groups of size N 5 2 to compute a maximum likelihood estimateP 5 0.73 for P, the probability that an individual in a group of size N 5 2 draws a simple artefact on the last step of the experiment. We then compute for each group of size N . 2 the exact probability, usingP 5 0.73, that the observed performance for a group of size N deviates from the expected performance under H 0 as much as, or more than, what Derex et al.
2 observe in their experiments.
The probability P of getting outcomes as extreme as, or more extreme than, the experimental data are given by P~Pr(X 4 §5)Pr(X (1) there were five groups of size N 5 4, two groups of size N 5 8, and one group of size N 5 16 that only drew the simple artefact on the last step; and (2) the experiments for each group size are mutually independent. As P , 0.005, we reject H 0 .
Next, we note that the direction of deviation from the expected performance under H 0 is that of worse performance (see Fig. 1 , in which fewer of the groups with N . 2 have at least one individual drawing a complex artefact on the last step of the experiment than would be expected based on the performance of individuals in groups of size N 5 2). Thus, we also reject H 1a and so we conclude that the data support H 1b , namely that a larger group size decreases the likelihood of drawing the more complex artefact on the experiment's last step.
In sum, the experimental results of Derex et al. 2 appear to be contrary to the group size hypothesis. This conclusion also affects negatively their other claims and, in general, underscores the importance of identifying the null hypothesis with care.
Methods
We compute, for each group size N . Andersson & Read 1 claim that the expected number of groups that only exploit the simple task is more than expected if individuals in larger groups were behaving as individuals in smaller groups. Thus, they conclude that group size negatively affects the individual ability to exploit the complex task. Instead our data show the opposite pattern: individuals in larger groups tend to be more able to exploit the complex task (Fig. 1) , thus supporting the group size hypothesis.
BRIEF COMMUNICATIONS ARISING
The first issue with the analysis of Andersson & Read 1 is their estimation of the individual probability to exploit the simple task. Indeed, their method is expected to provide a correct estimation only if individuals behave independently of their other group members. As they claim that individuals' ability is affected by group size, this is quite problematic.
The expected number of groups exploiting only arrowheads should be computed from the probability that a single, isolated individual exploits the simple task. This probability is not available in our data, as individuals were always part of a group. To get around this, we used a generalized linear model on individual data to estimate this probability. We obtained a probability (P 5 0.80) that a single individual exploits the simple task on the last step of the experiment. Using this probability, we computed the probability of getting outcomes as extreme as, or more extreme than, our observed data for each group size: Pr(X 2 $ 8) 5 0.873; Pr(X 4 $ 5) 5 0.595; Pr(X 8 $ 2) 5 0.629 and Pr(X 16 $ 1) 5 0.295. Thus, for each group size, the expected number of groups that do not exploit the complex task is not significantly different from expected. We then combine P values using Fisher's method 3 , and obtain an overall P value of 0.79.
Our initial analysis 2 showed that the probability of maintaining the complex trait within a group is positively affected by group size. Even if explained by sample size effect, this supports the group size hypothesis: sample size effect is expected to be the main mechanism by which group size affects cultural evolution [4] [5] [6] . Sample size effect should promote cultural evolution, unless the individual probabilities to exploit the task decrease drastically with group size. Here our data suggest that the individual probability of exploiting the simple task increases with group size (Fig. 1) . In sum, analyses at group and individual levels support the group size hypothesis and are consistent with results from other recent experimental studies 7, 8 . Culture is a group process that arises as a result of underlying individuallevel mechanisms 9, 10 . In order to study cultural evolution, two levels of analysis are therefore workable. The analysis of Andersson & Read 1 illustrates that individuals' behaviours can hardly be deduced from groups behaviours. Thus, each level of analysis can provide specific information. Depending on the question, analyses should be conducted at one level, or both, but conclusions should always be drawn accordingly. 

